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CHAPTER I 
PURPOSE OF THIS REPORT 
Th.is project describes a tool of analysis that may be const;r'ucted 
and used by any high school fbat has a laboratory equipped with gas 
and electricity. The electridty may be omitted if other methods of 
heating the colurnn are availa.ble. It will enable the students of the 
high sctwol to practice chromatographic separation and identification 
of compounds. Chromatographic techniques may_ be ktroduced when 
and where needed, eliminating much of the time spent in old methods 
of analysis, Th.ei.r G.se will permit the, complete separation of many 
compounds in a. laJ»oratory period, 
Gas chromatography, as described in this report, represents 
only a beginning in this field. It is limited to low boiling organic 
·o.mpounds, xr.1.ostI.y the ombustible type of compound. Separation af 
e ~:'b.e? f,, aJr ,, Jri,1droearbons and aJdehydes with low boiling points 
b,.ave been a OJ'O,p.l::."'%J'.ed., as has also tb.e sepa.:.~ati.on of carbon disulfide 
from. otJ.i:.icer su.bs~:a.nces. T:h.e apparatus can be u.sed as a class le,cture ,,, 
demonstration ar.d as a laboratory tool that could. he built by the student. 
This wou1d. minimize t:i:rn cost to the school, The writer feels that th.is 
project can e]jmina.te t)he routine in laboratory work and. due to i.ts olor,., 
fulness and :r·apid cornpletion te:an se,rve equally well as a very good lecture~ 
demonstration tooL It wiU minimize purchasing problems for the 
1 
2 
instructor as weH as save much. of his laboratory preparation time" 
Ten high school text books, and some college chemistry texts 
were examined very- thoroughly, but no mention of chromatography 
was r:::1ade. M.any of Lhe latest developments mentioned in most high 
school textbooks are from five to ten years old" From these and 
0th.er observations, it is evident: that students will not receive the 
latest info;t:r:nation from books, but must rely on the teacher, science 
journals, and rnagazines" Many of our teachers, as well as ninety 
nine per cent {99 %) of our students, have never heard of chromato-
graphy" Th.is project would give them a chance to use it and to learn 
of the many prind.ples involved in the simple application of it" 
M.any reports on th.e progress of gas-solid chromatography have 
been written in books, artic.les in journals, and other sources" Of 
all those exa.Mf;ned, none were ada:iptable to the high school curriculum 
or written so that the high school could make use of it. Most, or all, 
of those exam.ined were too technical for the average high school science 
teach.\?::r to unde.rstand. The equi:prneflt used was expensive and not 
attainah.le at the hi.gh school level. It was too large £or classroom or 
laboratory 2.doption. 
Fo:r.· the reasons stated above, the writer feels justified in making 
a study of s p1·0Mem a.nd presenting it for adoption as an aid to 
those who wou.i;ild like to improve their curriculum, 
CHAPTER II 
A LOOK AT THE HISTORY OF CHROMATOGRAPHY 
Chromatography may be defined as a physical method of separation, 
m which the components to be separated are distributed between two 
phases, one of which constitutes a stationary bed of large surface area, 
the other being a fluid or gas (vapor) that percolates through or along 
the stationary bed. 1 
Use of the word 11 percolates 11 makes this definition very unique 
m that the definition 9f 11 percolation11 means that the separation is 
carried out in a column and is intrinsically a batch process and not 
continuous. 
Gas-solid chromatography was used in 1941 by Hesse and his 
co-workers. More recent works have been published by Cremer of 
Austria, Janak in Czechoslovakia, Turkeltaub in Russia, Ray in 
England, and Patton, Lewis and Kaye in the United States. 
There are many types of chromatography and though they seem 
to vary a great deal, they are in some ways quite similiar. To illus-
trate, all chromatographic separations involve the transport of a 
sample of a mixture through a column, or the physical equivalent 
1 A. L M. Keulemans, Gas Chromatography (New York, 1959) 
p. 2. --
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of a column. The mixture may be a liquid or vapor (gas). The 
column contains a stationary phase which may be either a solid or 
a liquid. The mixture is transported through the column by a gas 
4 
or liquid - - the moving phase or effluent. The mixture moves through 
the column at different effective rates due to the selective retardation 
of the different components by the stationary phase. Thus, the com-
ponents separate into zones and these zones are detected at the end 
of the column by various methods. In the work reported here, color 
changes of the flame, time of travel through column, and height of 
flame are used as a means of detection and characterization. 
Gas-solid chromatography (G. S. C.) or (elution analysis) has 
many advantAges over the gas-Liquid (G. L. C.) method. The G. L. C. 
method has no way to separate low temperature gases or liquids. 
The low boiling hydro-carbons and other low bolling liquids can be 
separated by G. S. C. only. The G. S. C. method may be used as a 
qualitative method of analysis as well as a quantitative method as was 
evidenced by JanakE s work. 
Chromatographic techniques were used long befqre 194L It is 
not known just when they were first used, but long before Scheele, 
the Swedish chemist, noted it in 1773, men used cloth in natural dyes 
to change th.eir color. Pliny described a method for the detection of 
iron, ~.pplying a drop of solution to papyrus impegnated with extract 
of oak-gall. This cou1.d have been the beginning. 
The first serious work in this ~henomenona 9f separation was in 
the early part of the nineteenth century. The German dye-chemist, 
5 
F. F. Runge, investigated in detail the chromatographic possibilities 
in :inorganic ana.lys is. His results were published in 18 55 in a rare 
book, Der Rildungstrieb ~ Stoffe, in which he hand-pasted his 
chromatograms. 
Runge was followed by Goppelsraeder who gave us our present 
RF factor, He was followed by others like Liesegang, Martin, 
Matteucci, Way, Engler and Boehin, Day, Albrecht, Tsweet and 
many· :rnore. 
Tsweet was a Russian botanist and from his work, many of 
our pTesent ideas had their beginning. Despite the extensive work 
of Tsweet, Kuitka, Day, and others, the use of chromatographic 
columns lapsed until about 1931. Kuhn made its use known in his 
studies of carotenoids. 
From 1931 until t:b,e writing of this paper, means of separation 
of mixtu:res have been devised through chromatographic methods, 
G. S. C., G. L. C,, or paper chromatography used in one way or 
another, has revolutionized the laboratory of the chemist in organic 
and inorganic research. His time has been shortened in analytical 
work, purification methods hastened, .and i.dentification made fast 
and sure, The time thus saved he could therefore devote to other 
aspects of the proble:m. The separation of compounds from mixtures 
of isomers, and many other fetes that would have cops urned weeks of 
time and vR;ry ca.refo1 work can now be done in hours. through the use 
of techniques devi:sed. in connection with chromatography. 
G, S. C. was slow or late in getting a start, but at the present, 1t 
is used extensively in analysis, separation, and purification of 
of substances. It is believed that its use m every high school as a 
means of analysis will eventually come. Surely it will be used in 
6 
the colleges in one form or another as a tool in all types of analytical 
work as well as in research. 
CHAPTER III 
GENERAL DIRECTIONS FOR THE USE OF THIS COLUMN 
Refer to diagram on page 9 when necessary. 
* 
L Be sure that the connections at A, B, C, and E are 
tight and there is no chance of gas leaks. 
l. H,ave manometer filled with mercury to the desired 
3. 
height. 
* Connect heating tape or other heating unit used to 
110 V. a, c, outlet and let it heat from two to five 
rrtinutes before using column. 
4. Turn on gas at B and light at D. Then adjust flame 
hei~ht by adding more gas through E until a blue flame 
w:i.thou.t any red coloration is produced, 
5, Using m:i.xture or a pure compound in a hypodermic 
syringe, injec.t from 0. 01 to 0.1 ml into the column at A. 
Nicrome wire may be used to wrap the column if it is connected 
to a rheostat so that the temperature can be controlled and held station-
ary at a given point. This is an advantage over the heating tape because 
the tape gives only one temperature -~ one that is pretty low for most 
of the compounds that one would use. 
7 
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6. Start stopwatch at this time and watch for color change 
and flame height to change, at which time one stpps the 
watch and records the time and color change. 
This may be repeated as often as necessary or at the beginning 
of each series of runs on the column. The apparatus may be closed 
off in the reverse order from number 4 through number 3 of 
instr ue tions. 
\ 
Figure 1. Gas_ Chro,matographic Column 
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CHAPTER IV 
THE ELUTION DEVELOPMENT METHOD 
This method of analysis was used in this investigation. The 
adsorbent used was th-e washing powder n Tide. iu The carrier gas 
or eluent used was methane gas, CH4 , {natural gas as it is piped to 
your laboratory}. The column is fitted or wrapped with an electrical 
tape to keep it at a constant temperature of about 68 ° C. The thermal 
unit serves as a vaporizer for the liquids injected as samples and to 
increase the flow of the samples through the column. It also desorbs 
different compounds from the adsorbent at different rates. This 
allows those substances or compounds that are least adsorbed to 
come off at the detection end of the apparatus at one time with a lapse 
of time before t~ie next one comes off. This process is repeated until 
the last one comes off, each in its own time and with each producing 
its own characteristic color change in the flam.e at the end. 
There are unfavorable characteristics of this process. One is 
referred to as the uu tailing of peaks 1i, or iu tailing effects. uu When a 
sample comes through, the flame changes height and color immediately .. 
That is, it reaches a peak. almost instantly, but it does not go back to 
normal as readily. This is the tailing effect of the peak, 
Compounds that .. come off close to each other will have overlapping 
'· 
peaks or a peak. will begin a decrease and sudp.enly increase again. 
10 
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This can be overcome in two ways, maybe more. The column may be 
made longer to eliminate the overlapping of the peaks or one may use 
chemicals that are called 11 tailing reducers. 11 These reducers are 
selective in their activity; therefore one must choose carefully the 
* reducer to be used. Some of such chemicals are "Pelletex, 11 
Squalane, Silica gel, and carbon. These compounds affect the 
separation in three ways: 
1. The bands become sharper and move symmetrically. 
2. The adsorptivity of the solid (Tide) is reduced, as evidenced 
by the lower temperature required for comparable times of 
emergence. 
3. The paraffin/naphthene selectivity is somewhat reduced, as 
2 
may be seen from the ratio of the times of emergence. 
The apparatus used in this investigation is shown in plate I. The 
column was wrapped with a heating tape capable of holding a constant 
temperature, about 68° C. The compounds to be analyzed were 
injected at HAH, in the amount of O. 01 cc. The sample would vaporize 
immediately and flow, along with the eluent gas, methane, through the 
column. The rate of flow was approximately 60 ml/min. Each of the 
compounds tested. had a different rate of flow through the coi.i,u:nn, this 
rate being established by several runs timed by a stopwatch. This is 
* Pell.etex is marketed by the Godfrey Cabot Co., Boston, Mass. 
2 Time of emergence, or critical time, is the time from the 
beginning to the end of 9. peak 
12 
called 11 standardizing the column, 11 When a compound came through, 
there were two noticeable changes. The flame color would change and 
the flame would increase in height, the latter being called a "peak. 11 
Table 1 shows the time, flame change, and color change for the 
compounds named. 
TABLE I 
COMPOUND TIME FLAME COLOR FLAME HT. 
MIN .-SEC. 
Blue green base, 
Carbon tetrachloride 2:05 ·cringe tip 5mm 
Blue base, 
Acetone 1 :05 orange red tip 10mm 
2cm 
Carbon disulfide 1 :18 Purple white (No Change) 
Blue- with 
Benzene 2:12 red tip 3mm 
Green - with 
Chloroform 1 :45 red tip 7mm 
It is apparent from the table above that there would be an overlap 
of some of these peaks if the sample's critical or emergence time is 
longer than 7 to 15 seconds, This is one disadvantage in the analysis 
of an unknown mixture although for a high school teacher and student 
this problem could be overcome by the selection of the compounds to 
be tested. This would immediately become advantageous because 
upon standardization of the column, one could place the compounds 
whose peaks would overlap in different classes. This would classify 
groups so that suitable mixtures could be made without overlapping 
peaks. 
/ 
Ht. of 
Flame 
acetone 
/0 
Cfll 
1-5'' lc,O" 75" 8d' to5" JB0" !35" 
200 crn. Column 
1b5'' 
A color change at 80 11 seconds that is detectable makes the overlap 
q_uite harmless 
i 
Ht .. of 
Fla. e 
10 
mm 
ROR 
RCOR 
' • ~ • • "I 
GRA.PH I 
5 1 G' 7' B' f)' JO' 11' JB' 13' 11/ 
400 cm. Column 
Flow rate 60 ml/sec. Overlap at only one point. 
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GRAPH III 
(a) A 100 cm. column packed with tide was used. Note the overlaps in 
the flame peaks. Only four peaks were recognized indicating CC14 
and CHC13 came off so close that they were inseparable in this 
column. 
(b) 1 This is a chart of the flame peaks using pelletex and squalane as 
tailing reducers. Note £4-ve compounds were separated, as indicated 
by the peaks, and there is no overlap in the peaks. 
1 This graph was redrawn from the literature. 
A.I.M. Keulemans, Gas Chromatography (New York, 1959) p. 187. 
--
,. Time in Minutes 
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A graphical representation of Table I is shown in graph L 
Graph II shows the results obtained when the length of the column is 
extended from 200 to 400 cm. The results may be read from the 
gra;:>h. 
With the longer colunn, the'tailing effect is still observed but 
does not interfere with the separation of these compounds; however, 
one may have other compounds that will come off of the column between 
these peaks or in one of the critical time periods, causing an over-
lapping. From the literature, this is the best time for the use of 
Pelletex and other tailing agents. They will eliminate the tail and 
produce a very smooth symmetrical peak as illustrated in Graph III. 
It is suggested that anyone using this technique of analrsis raise 
the heat on the unit to approximately 100° C.; at this temperature, 
many more compounds can be used in the column. After standard~1zi.:ng 
the column, the compounds may be classified and separated according 
to the time of their departure from the column. This will enable the 
instructor to prepare many mixtures for analysis without the danger 
of overlapping peaks and the tailing effect will not interfere with a 
true analysis as long as there is a 45 second to 70 second interval 
,, 
'between the time that any two compounds come off. For a selective 
number of compounds this makes a very fast and definite analysis. 
Although gas chromatography can be used for both quantitative 
and qualitative analyses, the apparatus described here is intended for 
qualitative purposes only. 
A thirty foot piece of rubber hose was used as a column to see 
if it would divide the mixture and bring each compound off at a different 
16 
time. The tube was heated in hot water and no packing was used. 
Some separation was observed, but the overlap of peaks was so great 
that there were no distinct peaks ap.d troughs. Here again selectivity 
is encountered bec~use rubber inhibits the flow of some gases more 
than others. 
Another column was packed with Jide coated with Norit-A 
(carbon, powdered). This method gave no results as the fine carbon 
prevented the steady flow of the carrier gas (methane) and at the pressure 
used it was ineffective. The column, therefore, was unpacked and all 
of the mixture from it was sieved leaving only those particles of Tide 
larger than 100 mesh coated with carbon. The column then was repacked 
with this Tide, the treatment removing the fine particles of Norit-A 
and leaving the black Tide. This column was very effective in the 
separations, the tailing of the peaks being reduced about 20%. How-
ever, particles of the carbon would come through causing the flame to 
change color, rise and recede :momentarily. This would appear to 
indicate a compound corning through unless one knew the cause.· How-
ever, after a few hours of running, these sparks were eliminated and 
the peaks ·obtained were well defined. The carbon-coated Tide inhibited 
the flow of eluent and samples by approximately three minutes, but 
the peaks were symmetrical with less tailing. 
It was observed that the time for a single compound to pass through 
the column was about one minute and twenty seconds, shorter than the 
time for that same compound when it was introduced as a mixture. The 
reason for the time differences is believed to be in the va,porization of 
* the liquid sample injected. The temperature at which this work 
was done is below the boiling point of most of them and when they are 
placed in a mixture the boiling point is raised which causes the 
liquid mixture to evaporate more slowly. Therefore, the length of 
time for a :mixture to come through is a little longer than the time 
for the compound when injected alone. 
:{G 
A hypothetical compound X comes through the column in 
10 minutes, but when in a mixture, A, B., X, Y, Z, it comes 
through from 10 min., 50 sec. to 11 min, , 2,0 sec. 
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